Studies from this laboratory' and others2' I have indicated that the HDL from human serum can be degraded by Et2O-ETOH to yield a water-soluble apoprotein containing about 1 per cent lipid and 3.3 per cent carbohydrate by weight. This apoprotein is made of subunits3' 6, 6 of a minimum average weight of 21,5006 and can undergo relipidation in vitro7 and in vivo.8
HDL3) collected. To obtain "pure" HDL2 and HDL3, both fractions were refloated twice at d 1.21 gm/ml. Separation and purification of HDL subfractions were conducted in a 40.3 rotor, 114,480 X g, 160, 24 hr. Techniques for assessing purity of the products have been reported elsewhere.7 Prior to analysis, HDL2 and HDL3 were dialyzed against several changes of the buffer selected for study (see Results).
Delipidation technique: Lipids from either HDL or HDL3 were extracted by 3:2 EtOH:Et20 at -10°by a modification of the technique of Scanu et al.I The protein-to-lipid distribution of the products before and after delipidation is given in Table 1 . Treatment of the lipoproteins with Et2O alone according to Avigan2 promoted the release of all triglyceride, 25% cholesterol, and no phospholipids.
Optical rotatory dispersion studies were conducted in a Cary model 60 spectropolarimeter adjusted at 27 .50. In the spectral zone between 600 and 300 mp a 0.2-cm (thickness of the solution layer) cell was used with protein concentrations between 2 and 4 mg/ml. Within this range, the Effects of the solvent medium: Urea and guanidine HCI affected the optical rotatory parameters of aP2 more markedly than HDL2 (Table 3) . Solvents shown to produce depolymerization of aP3' 5, 6 were also investigated. Prior to analysis, either HDL2 or aP2 was extensively dialyzed at 26°against: (a) glycine buffer pH 10.5, ionic strength 0.1, (b) acetate buffer pH 3, ionic strength 0.1, (c) phosphate buffer pH 8 (Xo = 212 mIA). values of bo and the negative Cotton effect at 233 mis, the alkaline medium produced little effect on either HDL2 or aP2 as compared with the data obtained with phosphate buffer ( Estimation of per cent of helix (Table 4 ): In view of the uncertainties concerning the calibration of parameters for full helical content in proteins,18 various estimates were obtained. HDL2 had a helical content between 60 and 70 per cent and aP2 between 55 and 65 per cent. Previous data from the amino acid analysis6 had indicated that the group of amino acid "nonhelix formers" (thr., val., ser., gly., pro., Ile, cys.) represents about 28 per cent of the total 188 residues of aP2.
(2) Viscometry: The low intrinsic viscosity of HDL2 was modestly affected by treating the liproprotein with Et2O, but increased markedly upon lipid extraction by EtOH-Et2O (Table 2) . A further increase of the intrinsic viscosity of aP2 was observed in the presence of urea or guanidine-HCl (Table 3 ). The changes were reversed by removing the denaturing agents by dialysis (Table 3) .
When urea or guanidine HCl acted upon HDL2, the intrinsic viscosity was affected significantly less than with aP2 (Table 3) .
(B) Studies on HDL3 and aP3: As summarized in Tables 3 and 4 , analysis of HDL3 before and after delipidation by the parameters of optical rotatory dispersion and intrinsic viscosity gave results identical with those of HDL2. This was also true for the effects of urea, guanidine HCl, SDS, acid, and alkaline media.
Discussion.-Previous studies on the subclasses of human serum high-density lipoprotein had furnished evidence that HDL2 has about twice the size and weight of HDL323' 24 and exhibited positive and negative Cotton effects in the far-ultraviolet with peak maxima in the spectral region reported for a-helical polypeptides and proteins.22' 26, 27 An exact determination of the helical content of HDL protein was not obtained, because of insufficient theoretical basis for the computation.'7 18, 25 If one would accept a semiquantitative estimate, the data in Table 4 indicate that 60-70 per cent of the polypeptide chain in either HDL2 or HDL3 is folded in a right-handed helix.
The observation that the optical dispersion of HDL2 and HDL3 did not markedly differ from that of their delipidated products aP2 and aP3 suggests that attachment with lipid does not significantly affect the secondary structure of the HDL apo-protein. This finding and the knowledge that HDL protein is made of subunits3 ' 5, 6 also supports the view3' 6 that lipids participate in the maintenance of the tertiary structure of the lipoprotein by acting as a bridge between the various protein subunits. The partial shielding effect of lipid on the denaturation of aP by urea, guanidine, SDS, and acid is compatible with this interpretation. HDL subunits have been noted to polymerize readily upon removal of lipids,6 and this observation may account for the high values of intrinsic viscosity of aP2 and aP3 (Table 2) .
Urea or guanidine induced profound changes in the intrinsic viscosity and optical rotatory dispersion of aP2 and aP3, most probably owing to an increased expansion of these apoproteins consequent to unfolding of the helical structure. The reversibility of this process upon removal of the denaturing agents, an observation analogous with that reported by Harrison and Blout2l for apomyoglobin, suggests that the secondary conformation of the protein is dependent upon its primary structure. 28 It is interesting to note that in the presence of these denaturing agents, aP retains its capacity to bind lipids. 29 Summary.-The effect of lipid removal on the conformation of the apoproteins aP2 and aP3, of the two high-density lipoprotein subclasses, HDL2 (d 1.063-1.120) and HDL3 (1.120-1.21), was studied using the techniques of optical rotatory dispersion and viscometry. The data indicated that either in their native state (i.e., in association with lipids) or upon delipidation, aP2 and aP3 had a high a-helical content, estimated between 60 to 70 per cent for the native state and 55 to 65 per cent for the delipidated forms. The helical structure, which was disrupted by the action of urea or guanidine * HCl, was to a large extent restored upon removal of the denaturing agents by dialysis. The data were interpreted as consistent with the view that lipids do not participate in the secondary structure HDL apoproteins, but act as bridges between the various apoprotein subunits. 14, 1965 It is well established that three types of RNA-ribosomal, transfer, and messenger -are found in most cells, each performing an essential role in protein synthesis. Annealing studies' indicate that the sequential arrangement of nucleotides in each species of RNA is reflected by a complementary sequence of nucleotides located in some portion of the chromosomal DNA. This and other biochemical evidence' strongly suggest that some, if not all, of the RNA is made on a DNA template. Autoradiographic studies2 in higher organisms further indicate that most of the RNA of the cytoplasm is nuclear in origin; some RNA appears to be synthesized in the bulk of the chromatin and some appears to be synthesized in the nucleolus. By adopting a combined biochemical and autoradiographic approach, it should be possible to identify and trace the pathways of each type of RNA separately in the intact cell. This approach has recently been used by Perry3 in studying ribosomal and messenger RNA. The investigation presented here is a similar attempt to trace the pathways of transfer RNA (tRNA) in cells of Vicia faba meristems and is based on an extraction method for removing tRNA without removing other types of nucleic acid from fixed tissue. [Here transfer RNA is considered equivalent to soluble RNA (sRNA). ]
